Introduction
Chemical investigation of chlorophyll dates back to BERZELIUS, who, in 1838, treated the alcoholic extract of leaves with concentrated hydrochloric acid or alkali because he thought the leaf pigments were not decomposed by these reagents. He obtained only products of radical decomposition. Other investigators who used this same method were MULDER, 1844, and MOROT, 1849. It was believed by VERDEIL, 1851, that he could isolate pure chlorophyll by precipitating boiling alcoholic leaf extract with lime water and then treating the precipitate with hydrochloric acid. The hypothesis of the relationship between the coloring matter of leaves and of blood originated with VERDEIL (WILLSTXTTER 11).
Different theories have naturally been entertained about the composition of chlorophyll. As late as 1906 some thought that monocotyledons and dicotyledons did not contain the same kind of chlorophyll. Others were able to find several different kinds of chlorophyll in a single plant, and an unlimited number when derived from different plant sources. By far the greatest contribution to the chemistry of chlorophyll up to the present time was made by WILLSTXTTER (11) and his collaborators. Their work covers the period from 1906 to 1913.
Leaf powder was used exclusively in the older methods of chlorophyll extraction and in rather large portions. Twelve-liter bottles were used to obtain "bottle extracts," and pereolators, ranging up to 25 liters in size, were sometimes used for extracting chlorophyll. Ijoss of phytol (C20H39OH) by alcoholysis, and change in chlorophyll on long standing, are disadvantages in these longer methods.
The -extraction method as suggested by SCHERTZ (8) in 1928 and used in this experiment makes use of fresh leaf material instead of dry leaf powder as formerly used. Grinding and extracting requires one-half hour or a little longer, in contrast with 24 to 48 hours used just for extracting by some of the older methods.
The purpose of this investigation was to study the quantitative production of chlorophyll under different light periods in soy beans and radishes, and in corn in the presence or absence of iron or manganese individually and in the presence or absence of both in the nutrient solution. It was CHLOROPHYLL EXTRACTION The method of extracting and separating chlorophyll (a and 3) from the other leaf pigments in green leaves, as suggested by SCHERTZ (8) , was adopted with slight modifications for this experiment. Percentage chlorophyll content of leaves on both green weight and dry weight basis as well as on an area basis was wanted. Material was often scarce, therefore a-gram leaf samples were used instead of 10-gram samples as recommended by SCHERTZ. Five-gram leaf samples were weighed out in duplicate and traced on paper as quickly as possible. One sample was placed in a refrigerator while the other sample was being ground and extracted according to the following method:
The 5-gram sample of fresh leaves, after being weighed and traced, was placed in a glass mortar with a little sodium carbonate to neutralize free acids, and ground for seven minutes in the dry mortar. Then about 25 grams of washed quartz sand were added and the grinding continued for seven minutes, when 30 cc. of pure acetone were added and the grinding continued for another seven minutes. A total of 21 minutes of grinding for each sample was found to be the shortest time in which the leaf tissue could be thoroughly disintegrated. This acetone extract was filtered through a Biiehner funnel, under suction, and the residue washed with pure acetone until the filtrate was colorless. About 100 cc. were usually required for this. The residue was then washed with about 100 cc. of ether.
The combined ether-acetone filtrate was poured into a liter separatory funnel where the acetone was washed out with distilled water. Then 100-cc. portions of water were poured down the side of the separatory funnel with the aid of a small funnel. An aqueous layer, colored somewhat yellowish from the dissolved flavones, separated out below the ether. The liquids were rotated carefully and the aqueous layer drawn off. Repeating this washing three times with each sample of material used in this experiment was sufficient to make the last washing colorless; but with old apple leaves twelve or more washings were necessary. The radish plants in the short light period did not blossom normally; the buds dropped off just before opening. In figure 1 , the four plants on the right were grown in the short light period; the two in the center were 182 days old, and the two on the right were 40 days old. The two on the left were grown in continuous light and are also 40 days old. The four plants on the left are in about the same stage of blossoming, but with a difference of 142 days in age. The two plants in the center, however, grown in the short light period, had reached this stage 36 days before this photograph was taken, and advanced no further; the two on the left, grown 8 .50 when 32 days old, with the highest value 9.58 at 37 days. The oldest plant, 110 days old when harvested, had a ratio of 8.82, but this figure may not be reliable. Seven plants had been planted in that pot, but one soon crowded the others so badly that six of them were removed by cutting off at the level of the sand to make room for the large one. When harvested, the roots may not have been separated accurately.
In the shorter period the ratio is more irregular but they also show a wider ratio with increasing age. EATON (3) found the largest root-top ratios in the longest light periods with soy bean plants 38 days old. The same was found to be the case in this experiment up to that age, but with no increase beyond 37 days up to 110 days in continuous light. There was a drop of one-half the ratio in one instance at 42 days. This latter figure might well be disregarded. In the short light period the root-top ratio continues to increase with age and reaches 16.77 for plants 71 days old. EATON'S longest light exposure was only 3.5 hours longer than the short exposure used in this experiment. 9 .75 leaves in the former and from 37 to 2.85 leaves in the latter, the larger leaves occurring on the older plants in both light periods (table VII) .
In an attempt to determine the efficiency of chlorophyll in the two light periods, the ratio of the chlorophyll in the total leaves of each plant to the total dry weight of each plant respectively was calculated and these differences indicated in table VIII as greater or less than the ratios found for plants of like age-in the short light period. The result was not at all striking. The ratios in the shorter period varied from 126 to 284 and in continuous light from 117 to 283. In six of the 13 comparisons the ratio was smaller in the continuous exposure; in the remaining seven the ratio was larger. The leaves used for chlorophyll analyses were in every instance the'third from the top of the plants. An attempt was made to discover whether there is any correlation between the total dry weight and the chlorophyll content of the leaves of soy bean plants by dividing the dry weight by the amount of chlorophyll in the total leaves, assuming the remaining leaves contained the same amount of chlorophyll as the 5- (table IV) is 62.89 per cent. per plant. In view of the fact that growth conditions in each light period were maintained as nearly identical as possible, these irregularities are striking.
Cross-sections of soy bean leaves were examined unider a microscope and it was thought a difference in arrangement of the chloroplasts could be noticed. The chloroplasts were more or less plano-convex, and in the continuous light these were arranged more regularly, with their flat sides toward the cell wall.
In experiment II with corn a different approach to the problem of chlorophyll production was attempted. It is conceded that chlorophyll is not formed in the absence of iron and that only very small quantities are required. The exact function of iron in chlorophyll production is not known since iron does not occur in the chlorophyll molecule. MILLER (7) cites ODDO and POLLACCI as stating that Zea mays, Solanurnt nigrum, Datura stramonium, Euphorbia sp., and Aster sinensis were grown in a nutrient solution in which Fe was replaced by the magnesium salt of pyrrole-carbonic acid. These investigators think that Fe has a catalytic action on the formation of the pyrrole nucleus which is the center of the chlorophyll complex. If the pyrrole nucleus is already present they think that Fe is not necessary for the formation of chlorophyll.
WILLSTXTTER's observations seem to support this theory, but DEUBER (2) could not confirm it. He grew corn, cow pea, soy bean, and Spirodela in nutrient solutions containing different proportions of a magnesium salt of pyrrole-carbonic acid substituted for iron, but in no case did this compound prevent chlorosis of the leaves of the plants.
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